Triaxial tests on three types of soil-rock mixture (S-RM) samples with the same rock block content, but different grain size distributions, were performed in this study. To better understand the meso-mechanical behavior of soil-rock mixtures, one set of samples containing "oversized rock blocks" was designed. The oversized rock blocks in the other two sets were handled using the equivalent weight replacement method and the similar translation method. On this basis, the effect of the grain size distribution on the mechanical properties of the soil-rock mixtures was explored. The interlocking and the breakage of the large rock blocks were found to be two of the controlling factors of the mechanical properties of soil-rock mixtures. The deviator stress and the volumetric strain correlated well with the uniformity coefficient of the particle size distribution curve and performed differently under different confining pressure levels. Based on X-ray computed tomography (CT) slices of samples taken during the triaxial tests, the interaction of the internal rock blocks and the evolution of the sample meso-structure in the loading process were observed and analyzed; the present analysis provides explanations for the macroscopic mechanical behavior of soil-rock mixtures.
Introduction
A soil-rock mixture (S-RM) is composed of large-size "rock block" pieces with high strength and small-size "soil" with low strength. The presence of rock blocks greatly affects the physical and mechanical properties of an S-RM, especially when the rock block content is high enough to form a skeleton with many interactions between the rock blocks, which will largely control the mechanical behavior of the mixture. Xu et al. (2011) and Coli et al. (2011) performed large-scale field tests, and their test results show that there is a positive correlation between the internal friction angle and the rock block content, but that cohesion changes little when the rock block content exceeds one threshold value (25-30%). For widely graded gravelly soil, parameter K of the Duncan-Chang model, obtained from triaxial tests, increases, while parameter n decreases with an increasing gravel content (Chen and Zhu, 2010) . Even with the same rock block content, the mechanical properties of S-RMs with distinct meso-structures are different. A great number of researchers (Pena et al., 2007; Ouyang et al., 2010; Mahmood and Iwashita, 2010; Pietruszczak and Guo, 2011) have conducted laboratory tests and numerical simulations to study the meso-structural characteristics of S-RMs, such as the shape and the distribution of the internal rock blocks. Liu et al. (2013) found that, under the same initial conditions, samples with wider particle distributions exhibit more contractive properties, and that the critical state line falls as the uniformity coefficient of grading (C u ) rises. Improvements to the aggregate gradation and quantity effectively enhance the strength and the performance of the aggregate base course and the asphalt mixture (Cunningham et al., 2013; Jiang and Zhang, 2012) . Since it is difficult to observe the internal structure and to quantitatively characterize it in physical tests, experimental research on the mechanical behavior of S-RMs containing the same amount of rock blocks, but different particle size distributions, are relatively few in number. However, the existence and the spatial distribution of rock blocks in S-RMs lead to significant anisotropy and vastly different meso-structures. Adjustments to the mesostructure (such as the translation and the rotation of rock blocks and changes in porosity) and the development of internal injuries (breakage of rock blocks, etc.) are the root causes of the macro-mechanical response.
In recent years, X-ray computed tomography (CT) has become an effective method for examining the mesostructure of geotechnical materials, especially in terms of studies on the strain localization and the formation mechanism of shear bands for homogeneous materials such as sand. Based on CT images, the three-dimensional Digital Volume Correlation (DVC) technique (Hall et al., 2010; Sjödahl et al., 2012) and the sand particle tracking technique (Watanabe et al., 2012) were used to observe and to quantitatively analyze the 3D displacement and the strain fields of sand samples. Fu et al. (2008) studied the 3D motion and the strain field of particulate material during soft confined compression tests. Tagliaferri et al. (2011) analyzed the porosity, the cement density and the strain field of bio-cemented Ottawa sand in triaxial compression tests from digital images and found that the deformation mechanism changes from homogeneous deformation to localized dilatant shearing at peak stress. In addition, the variation in sand porosity with changes in the sand particle radius can be analyzed using the CT images to determine the representative volume element size of the sand (Razavi et al., 2007) , which could be the bridge that connects the meso-scale and the macro-scale. X-ray CT has also been widely used in the research of the meso-structural mechanics of concrete and granular materials. On the one hand, the CT technique facilitates the observation of the mesoscopic structural damage of concrete. Changes in the pore distribution and the whole process of the internal initiation, the expansion and the penetration of micro-cracks during loading were evaluated based on CT images, and the cracks in concrete samples were generally found to exist in the mortar around the aggregate (Su et al., 2013; Tian et al., 2012; Zhao et al., 2010) . On the other hand, obtaining a 3D model based on CT image reconstruction is an effective means to combine laboratory and numerical tests (Wang et al., 2004 (Wang et al., , 2007 Matsushima et al., 2009) .
Under a constant rock block content condition, the oversized particles in the S-RM samples are handled using different methods to prepare remolded samples with three different particle size distributions. Together with a set of soil samples, these unsaturated samples were used to conduct a series of consolidated undrained triaxial compression tests. Based on these tests, the effect of particle gradation on the mechanical properties and on the meso-structure evolution of the S-RMs was explored using X-ray CT. Through image processing and an analysis of the CT images, a visualized 3D internal structure of the mixtures, which can display the interaction between internal rock blocks, was obtained. Accordingly, the influence mechanism of the meso-structure and the confining pressure on the macro-mechanical behavior of the S-RM samples was revealed at the meso-scale. Xu and Hu (2006) noted that the threshold grain size for distinguishing "soil" from "rock blocks" in S-RMs, namely, the soil / rock threshold, is relevant to the scale used in the research on the fractal dimensions of a large number of grainsieving data on site. Additionally, according to the research on some Franciscan melanges in California, USA, by Medley (1994) and Medley and Lindquist (1995) , the soil/rock threshold used in this study, d S/RT , was set at 0.05L c , where L c is the diameter of the triaxial sample. The sample is 100 mm in diameter and 200 mm in height; therefore, a uniform soil / rock threshold of 5 mm was selected in this triaxial test scheme, which considered any particle greater than 5 mm in size to be a "rock block" and particles less than 5 mm in size to be "soil".
Triaxial tests

Control parameters of tests
Through the ages, earthquakes have occurred frequently in China and other countries of the world. S-RMs represent a class of complex geotechnical media formed when landslides have been induced by earthquakes. The physical and mechanical properties of these mixtures have a significant impact on slope stability and secondary geological disasters in earthquake disaster areas. Therefore, the S-RM materials used in the triaxial tests here were taken from the Tangjiashan Barrier Dam, formed during the Wenchuan Earthquake (May 12, 2008) in the Sichuan Province, China. The natural content of "rock blocks", defined above as consisting of particles greater than 5 mm in size, reached up to 61%. Additionally, the maximum rock block size was found to be 100 mm. According to previous studies, the strength of geotechnical materials is jointly controlled by rock blocks and soil when the rock content of an S-RM is between 25% and 75% (Xu and Hu, 2009) . To obtain universal research conclusions, the rock block contents of all the S-RM samples were set to a moderate value of 50% under the premise that the ratio of the rock block content in each grain set would be exactly the same as that of natural S-RM materials. Considering the fact that the loose S-RM sample was taken from the colluvium formed in the Wenchuan Earthquake and has yet to consolidate, the natural density of 1.73 g/cm 3 and the natural moisture content of 10.4% were chosen as the control parameters during the sample preparation. The tests were conducted with a triaxial apparatus at the Yangtze River Scientific Research Institute, China. The lifting platform for this apparatus was mechanically controlled. The shear rate was 0.24 mm/min.
Triaxial test scheme
The three sets of S-RM samples in the triaxial test scheme had the same rock block content, but the size distributions of the rock blocks were different. The maximum grain size in the S-RM samples was set to be one fifth the sample diameter, i.e., 20 mm. However, to highlight the significant impact of largesize rock blocks on the physical and mechanical properties of S-RMs, a set of unconventional samples containing "oversized rock blocks" was also designed for this triaxial test scheme. Lindquist (1994) conducted a series of tests to study the mechanical properties of melanges, in which the ratio of the maximum particle size to the sample diameter was 0.75. As a reference, the size of the maximum particle in the unconventional S-RM sample was 0.6 times the sample diameter, i.e., 60 mm. Under natural conditions, the content percentage of rock blocks larger than 60 mm is 8.75%. This was handled by using the equivalent weight replacement method to prepare the unconventional S-RM samples. For the other two sets of S-RM samples, rock blocks larger than 20 mm were handled using the equivalent weight replacement method and the similar translation method. In this way, three types of S-RM samples were obtained with different grain size distributions.
Moreover, a set of soil samples consisting of grains smaller than 5 mm was used to clearly reflect the distinct mechanical properties of the S-RMs and soil. The grading curves and 3D CT profile images for all four types of samples are shown in Fig. 1 . All samples were compressed until the axial strain exceeded 20%. The specific triaxial test scheme is presented in Table 1 .
The samples were prepared in four-layers that were compacted in a stratified manner. During the sample preparation, double rubber membranes were utilized to prevent the sharp corners of the irregularly shaped rock blocks from puncturing the membrane in the consolidation and shearing process. Since the sample suffered constant confining pressure during axial compression, the impact of the rubber membrane penetration on the sample volume deformation could be ignored.
After the installation of the prepared sample on the triaxial apparatus, the valve for the drain hole was closed to ensure that the water and the gas inside the sample were not discharged. The pipeline applying confining pressure was connected to the pressure chamber via a closed container. Inside the closed container was an appropriate amount of water. Thus, a change in this part of the water sensitively reflected the sample volume change. In addition, some water in the pressure chamber was discharged as the axial load shaft moved down. Therefore, the volumetric strain was obtained by measuring the changes in water quality in the closed container as well as by discounting the effect of the axial load shaft.
Immediate CT scan triaxial tests
As a nondestructive characterization method, the X-ray CT technique is helpful for intuitively visualizing and quantitatively measuring the changes in the internal structure of the sample during the loading process. This study used an ancillary CT triaxial apparatus (Cheng et al., 2011) , as shown in Fig. 2 . The working principle of the CT triaxial apparatus is the same as that of the conventional triaxial apparatus, but it lies flat on the examining bed of the CT machine so that it can move freely in the aperture of the scanning tube. The confining pressure of the apparatus is provided by the barometric pressure, and the axial load is provided by a hydraulic jack. Both the loading control system and the measuring system are outside of the CT machine. A tube is used to connect the pressure chamber and the console. Firstly, this tube was used to apply an initial confining pressure of 20 kPa after the sample installation was completed. Next, the valve was closed to protect the sample until the sample was placed onto the CT scan bed. When the air pressure in the pressure chamber reached the predetermined value, the valve was closed again to maintain a constant confining pressure. During this stage, an axial pressure, slightly larger than the air pressure, was also applied to prevent the ejection of the axial loading piston. For the same reason, after the completion of the triaxial tests, the axial load was firstly discharged to a comparable level of confining pressure, and then both the axial and the confining pressure were unloaded at the same rate.
Each sample was scanned before and after the tests. In addition, a series of immediate CT scan triaxial tests, i.e., scans of the sample at every 5% increase in axial strain, under a confining pressure of 600 kPa for each type of sample, were added to obtain the immediate CT images during the entire process of the triaxial compression. The internal particles kept adjusting their positions all the time, which resulted in the low quantity of the CT images obtained during loading. As a result, the axial load was stopped for 1-2 min to clearly scan the sample. Although this caused the axial stress to decline slightly, the axial stress was still higher than the confining pressure level. In such cases, the internal structure of the sample basically does not change. The scanned slices may reflect the real meso-structure corresponding to the predetermined axial strain.
A series of CT slice images was obtained by scanning along the sample axis. Based on these CT images, rock blocks larger than the rock/soil threshold (i.e., 5 mm in this paper) will be recognized, reconstructed and analyzed in a three-dimensional space. To meet the above requirements, the scan pitch was set at 0.6 mm, which also is the smallest pitch that this machine can provide. The CT slice image resolution is about 0.29 mm/ pixel for a sample with a 10-cm diameter.
Due to the low control dry density and moisture content of the natural unsaturated S-RM, the sample was very loose, making it nearly impossible for the sample to maintain its shape. Thus, the vacuum method was applied to ensure that the samples would remain upright and would not collapse, thereby allowing for the completion of the CT scanning during the tests. The pump was connected to the drain hole on the base of the sample, with a piece of filter paper between the sample bottom and the base. Moreover, for both the S-RM sample and the soil sample, the contents of the silt and the clay were extremely low. Therefore, the amount of fine particles sucked out of the sample by the pump was negligible. Fig. 3 shows the q/p axial strain curves and the volumetric strain-axial strain curves for the three sets of S-RM samples and one set of soil samples under four different confining pressure levels. As seen in Fig. 3 , most samples had strain hardening without peak stress. The increasing rate of the deviator stress was fast at the beginning and then slowed down soon after under a confining pressure of 100 kPa; sample S-RM-1 even reached peak stress at 12.5% axial strain, while the deviator stress increased at a relatively stable rate, and subsequently, dropped slightly under the other three confining pressures. Another common regular pattern for the four sets of samples was that the deviator stress increased as the confining pressure decreased.
Analysis of results
Stress and strain characteristics of S-RM
During strain hardening, the sample volume mainly exhibited shear contraction, with the shrinking rate gradually decreasing due to the fact that the loose sample was prepared with low control density. However, under a confining pressure of 100 kPa, the dilatation of the three sets of S-RM samples occurred at the final stage of the triaxial tests, while the volume of the soil samples tended to be stable.
The 3D shapes after the tests with a confining pressure of 100 kPa are shown in Fig. 4 . In addition, a comparison of the CT longitudinal section views, before and after tests on the four types of samples, is shown in Fig. 5 . All of the samples showed lateral bulging deformation that is more prominent in the upper part of the samples. The deformation has a certain relationship with the sample preparation. Firstly, the whole sample is relatively loose and easily deformable due to a low control dry density. In addition, the top layer of the samples withstands the least compaction energy during stratified sampling, so that it is looser than the lower part of the sample. Additionally, the pressure shaft acts directly on the top of the sample. All of the above factors cause the bulge to occur in the upper portion of the samples. The change in the internal sample structure caused by axial loading can also be clearly seen from the longitudinal section views.
Strength parameters of S-RMs
The q/p axial strain curves kept increasing without a peak, except for sample S-RM-1 under a confining pressure of 100 kPa. The axial strain of 15% was chosen as a benchmark point to compare the corresponding states of the samples in the various tests. The reason for this choice is that at that stage, the volumetric strains of most of the samples have become steady. Even for those samples whose volumetric strains continue to increase, the rates of increase start to decrease. Accordingly, the deviator stress at an axial strain of 15% was chosen as the critical state stress. The common tangent of the Mohr circles under different confining pressures was drawn to obtain the friction angle and cohesion of each type of sample. The strength parameters of the four types of samples are listed in Table 2 . Among them, sample S-RM-1 has the largest friction angle, which is mainly caused by sliding and interlocking between the particles. For the coarse-grained soil, the so-called cohesion is usually "false cohesion" induced by the occlusion of coarse particles and capillary suction under non-saturated conditions; in this case, the rock blocks also play a role in enhancing cohesion. Overall, both the friction angles and the cohesion of the three types of S-RM samples increase with the increase in the uniformity coefficient of the grading curve. Without the enhancement of the rock blocks, the soil sample has the lowest strength parameters. For the S-RMs, the interactions, such as the occlusion among a large number of rock blocks, not only can improve the overall strength effectively, but also may cause breakage of the rock blocks.
The internal rock blocks of the S-RMs at the Tangjiashan barrier dam surface are mainly limestone and shale, which have low strength. Therefore, the crushing phenomenon is evident in triaxial tests, especially for sample S-RM-1, which contains "oversized rock blocks". The situation of the crushing of rock blocks in sample S-RM-1 under different confining pressures can be broadly divided into two types. As shown in Fig. 6 , some broken large-size rock blocks could be scraped together to substantially regain their original forms using pieces of similarly sized small rocks, which typically occurs for the rock blocks laid flat in the sample when another rock block's angularity presses its center during the axial loading. For small-size rock blocks, fresh cross sections can be observed at the corners due to the interlocking between rock blocks. Some typical rock blocks reconstructed from CT images more clearly reveal these two types of breakage. Using a sieve analysis, the changes in each particle group content in sample S-RM-1 after the triaxial tests with different confining pressures are measured and shown in Fig. 7 . For sample S-RM-1, large-size rock blocks are in the form of a skeleton and cause stress concentration in the loading process; thus, these rock blocks will break first. As a result, the content of large particles greater than 20 mm in size generally decreased. In contrast, the small-size rock blocks begin to break only when the large-size rock blocks are severely crushed to form a channel. At the same time, a new part is formed from the breakage of the larger ones. The content of the group smaller than 20 mm in size increased accordingly. The degree of breakage became greater as the confining pressure increased. When the confining pressure is high enough (900 kPa), even many of the small size rock blocks break. Fig. 8 shows the q/p axial strain curves and the volumetric strain-axial strain curves of the samples with different particle size distributions under confining pressures of 100 kPa, 300 kPa, 600 kPa and 900 kPa. Due to the enhancement effect of the rock blocks, the shear strength of the S-RM samples is higher than that of the soil sample, and sample S-RM-1 has the highest strength, which implies that the enhancement effect of the larger size rock blocks is more obvious. Furthermore, this kind of enhancement effect is affected by the confining pressure level. Under lower confining pressure, the contact forces between the particles are small and breakage of the rock blocks is not common. And the occlusion of the large rock blocks leads to a greater resistance to the external load. Sample S-RM-2 contains more rock blocks distributed in the group of 10-20 mm and less in the group of 5-10 mm, compared to sample S-RM-3 (Fig. 1) , and it has higher shear strength than sample S-RM-3 under lower confining pressure. The contact forces between the rock blocks increase with the increase in confining pressure, which makes the rock blocks break more easily, especially the large ones. During the consolidation process under high confining pressure, lots of the large rock blocks distributed in the group of 10-20 mm may break. Together with the internal structure adjustment, the rock block distribution of sample S-RM-2 becomes similar to that of sample S-RM-3. As a result, the stress and volume strain curves of these two types of samples are gradually close.
Effect of grain size distribution on mechanical properties of S-RMs
As is known, the confining pressure level directly controls the sample density and particle breakage, and the volume variation development of the four types of samples is also sensitive to the confining pressure. Since the density of loose soil is less than that of rock, to ensure that the four types of samples in the tests have the same control dry density and mass, the pure-soil sample was compacted to be denser than the S-RM samples. This can also be confirmed by CT images. The vertical cross-sectional CT images of four types of samples before consolidation in Fig. 5 show that there are a large number of pores in the S-RM samples, while the soil sample was found to have a small amount of scattered tiny pores and a "denser structure". Therefore, the soil sample volume shrinkage is smaller than that of samples S-RM-2 and S-RM-3. However, under the confining pressure of 100 kPa, the sample boundary constraint is relatively small, breakage of the rock blocks is not common, and the rotation of the rock blocks occurs more easily. When the rock content reaches a certain degree (such as 50% in this paper), the occlusion of rock blocks causes their rotation and a change in their spatial position, i.e., an adjustment of their internal structure. This leads to sample dilatation. Therefore, the S-RM samples have a smaller volume shrinkage compared with the soil sample.
To more clearly analyze the effect of particle size distribution and confining pressure on the S-RM sample volumetric strain, a representative indicator of the sample volume variable, i.e., the stable volumetric strain at 15% axial strain for each S-RM sample in different confining pressure triaxial tests, was plotted in Fig. 9 . The horizontal axis is the uniformity coefficient of the grading curve, which is characteristic of these three types of S-RM samples ( Table 1) . As can be seen, the volume shrinkage increases with the increase of the uniformity coefficient under a confining pressure of 100 kPa, while it decreases under the other three confining pressures. As is known, a higher uniformity coefficient of the grading curve indicates a larger number of large-size rock blocks in the S-RM samples. This type of S-RM sample still has many internal pores after consolidation under low confining pressure (100 kPa), which results in a high volume shrinkage during axial compression. However, as the confining pressure increases, the S-RM sample is consolidated to be denser, and the interlocking effect between the large-size rock blocks is more obvious. Therefore, the S-RM sample that contains more large-size rock blocks has smaller volume shrinkage. For all three types of S-RM samples, the volume shrinkages in the axial compression stage under the different confining pressures of 100 kPa, 300 kPa, and 600 kPa are in ascending order. Note that 900 kPa is a "critical stress" in the triaxial tests carried out. As mentioned previously, the larger size rock blocks break during consolidation, with the adjustment of the internal structure, and the loose sample reaches an approximate "densest" state after consolidation under a confining pressure of 900 kPa. The change in each particle group content in sample S-RM-1 after the triaxial tests in Fig. 7 also shows that the rock blocks distributed in the group of 10 20 mm were obviously broken under 900 kPa, which is different from the rock blocks breaking rule under other confining pressures. However, the proof needs to go further still by combining the CT scanning technique with consolidation tests and isotropic compression tests.
Meso-structure evolution of the S-RMs
The CT triaxial apparatus was applied in the triaxial tests of the four types of samples under a confining pressure of 600 kPa to obtain the CT scan images of samples at different Fig. 7 . The change of each particle group content in sample S-RM-1 after the triaxial tests. axial strains during the tests, as shown in Fig. 10 . Due to the use of the same control dry density in the sample preparation process, the initial state of sample S-RM-1 containing "oversized rock blocks" was the most loose, in which a great deal of pores, i.e., black pixels, can be seen from the CT longitudinal section view. Sample S-RM-1 was compressed to gradually become dense at the beginning of the test, which is expressed as a decrease in the gray value and a reduction in the pores in the CT images. The interaction between the rock blocks also caused cracks. An obvious rock block crushing phenomenon occurred at an axial strain of 10%, which became increasingly serious with an increase in axial strain. However, at the selected 50% rock block content, the load was still carried by both the rock blocks and the soil. In addition, the rock blocks in the Tangjiashan barrier are mainly siltstone and marl with a low strength that requires only low energy to break. Furthermore, for the relatively loose S-RM samples, the energy dissipation caused by rock block breakage is easier to offset by adjusting the internal structure. Therefore, obvious particle breakage did not lead to a corresponding decrease in the deviator stress. The pores tended to expand at the local position, where the rock blocks were interlocked and crushed, which is the reason for the dilatation of the S-RM samples under low confining pressure. However, the other part became denser, so the overall volume of the sample gradually decreased. The porosity of sample S-RM-3 also decreased during the test. Since the rock blocks in the sample are small, only a few of them broke, and the pores in these regions were not compressed. For the soil sample, the axial loading made it denser. The common law for the evolution of the internal structures of the above samples is that the samples were compacted to become denser and exhibited a bulging deformation without a shear zone inside them.
With the support of the three-dimensional image reconstruction technique, the internal rock structure's evolution of sample S-RM-2 in an immediate CT scan triaxial test under a confining pressure of 600 kPa was obtained, as shown in Fig. 11(a) . Using the position of the rock blocks in the original sample as reference, the displacement field in the X and Z directions at 10.25% and 20.25% axial strain are shown in Fig.  11(b) and (c), respectively. In the X direction displacement field, the rock blocks move to the outside of the sample which was apparently mainly concentrated in the upper part, resulting in a bulging of the sample to occur at the same location. The displacement vector field in Fig.11(d) clearly exhibits that the adjustment and the evolution of the meso-structure are the root causes of S-RM samples' morphological changes during the tests.
Conclusion
The mechanical properties of the complex geotechnical material S-RM samples were found to be greatly affected by their meso-structural characteristics and the properties of the rock blocks and the soil. In this paper, we conducted a series of triaxial tests of loose S-RM and soil samples. Although the rock block contents were equal, the physical and mechanical properties of the S-RMs, composed of different gradations, were quite different. The mechanism leading to these differences was explored at the level of the mesoscopic structure with the help of the X-ray CT technique. The following conclusions can be drawn from this study: (1) S-RMs have higher strength and are more easily dilated than soil. Generally speaking, the deviator stress and the shrinkage of the sample volume increase with the increase in the confining pressure for the loose S-RM samples. Since the consolidation under a confining pressure of 900 kPa achieves a relatively dense sample, however, the shrinkage of the sample volume in the axial loading process is less than that under a confining pressure of 600 kPa. (2) The uniformity coefficient of the grading curve is higher for the S-RM samples with more large-size rock blocks; thus, the interlocking and skeleton effects of the rock blocks are more obvious, which enhances the strength and effectively Fig. 11 . 3D View of the meso-structure evolution of sample S-RM-2 during the triaxial test: (a) particles before axial compression, at 10.25% and 20.25% axial strain from left to right; (b) displacement filed in X direction of particles at 10.25% and 20.25% axial strain; (c) displacement filed in Z direction of particles at 10.25% and 20.25% axial strain; (d) displacement vector field of particles at 10.25% and 20.25% axial strain.
weakens the tendency of the S-RM samples to undergo body shrinkage. However, under high confining pressure, the breakage of the large-size rock blocks reduces the strength to some extent. In addition, the samples with a higher number of large-size rock blocks still contain a large number of pores that are easily compressed after low confining pressure consolidation. In such a case, the sample volume shrinkage increases with an increase in the uniformity coefficient.
(3) The rock blocks of large size and low strength are prone to break during the triaxial tests. In addition, the breakage becomes more serious as the confining pressure increases. The breakage forms can be divided into two types: one is the complete crushing to pieces of small rock blocks of uniform size; the other is crushing at the corners caused by interlocking between the rock blocks. Due to the breakage, the amount of small-size rock blocks increases and the S-RM samples becomes denser. (4) CT images of the samples during the triaxial tests contribute to the observation of their internal structure evolution, such as the 3D displacement of rock blocks. With axial loading, the loose sample is gradually compacted and exhibits bulging deformation, but a shear zone does not appear inside the sample. Although the overall volume keeps decreasing, the regions of pores at the local position where the rock blocks are being crushed and continue to expand, i.e., strain localization occurs. A more quantitative analysis of the CT images will be performed to reveal the mesodamage and the destruction mechanism of S-RMs.
